Restenosis is one of the main complications in patients undergoing coronary or peripheral revascularization procedures and is the leading cause for their long-term failures. Cilostazol is the only pharmacotherapy that showed an adequate efficacy for preventing restenosis in randomized, controlled studies after coronary or peripheral revascularization procedures. The present review sums up the main clinical evidence supporting the use of cilostazol after revascularization interventions, focusing on all its benefits, warnings, and administration schedules.
INTRODUCTION
Restenosis is one of the main complications in patients undergoing coronary or peripheral revascularization procedures. It can be considered as a reocclusion process of the vascular-treated lumen due to an excessive proliferation of the target vessel wall. Restenosis is the leading cause for the long-term failure of revascularization procedures. 1 Clinical impact of restenosis is well reported in literature, showing a strong correlation with poor clinical outcomes after both cardiac and peripheral interventions. 1, 2 Pathogenic mechanisms underlying restenosis development are still not entirely known, but they show similar features both at coronary and peripheral levels. In patients undergoing a revascularization intervention, mechanical lesions of the target artery wall will induce an endothelial irritation, leading to a complex series of inflammatory responses characterized by thrombotic events, platelet activation, fibrin deposition, leukocyte migration, together with extracellular matrix build-up and smooth muscle cell hyperproliferation. 3 Variable rates of restenosis after a revascularization procedure are observed based on patients and procedure characteristics. An incidence of about 15e25% after a coronary stent implantation 3 and from 5% to 70% after a peripheral revascularization 4 can be esteemed. Until now, there are no authorized drugs for preventing a restenosis after cardiac and peripheral revascularization procedures; in fact, the only useful strategy is now represented by medical devices: drug-eluting stents releasing antiproliferative drugs. 5 Oral antiplatelet aggregation drugs (e.g., aspirin, clopidogrel, prasugrel, ticlopidine, and ticagrelor) should be administered after a cardiac revascularization procedure for preventing the occurrence of a stent or by-pass reocclusion essentially due to thrombotic events, but they have no relevant effects on reocclusion phenomena caused by target vessel restenosis (hyperproliferative events). In addition, statins have been proposed as antirestenosis agents; however, adequate clinical findings are absent and their impact on stent restenosis is still under debate.
Cilostazol is the only pharmacotherapy that showed an adequate efficacy for preventing restenosis in randomized and controlled studies after coronary and peripheral revascularization procedures.
The aim of the present review was to sum up the main clinical evidence supporting the use of cilostazol after revascularization interventions, focusing on all its benefits, warnings, and administration schedules, to provide clinicians with practical information for a proper use of the drug.
CILOSTAZOL
Cilostazol was launched in Italy in 2008, and it is indicated for the improvement of the maximal and pain-free walking distances in patients with intermittent claudication (peripheral arterial diseasee Fontaine stage II).
Cilostazol is a selective phosphodiesterase III inhibitor with known antiplatelet, vasodilative, and antiproliferative effects on vessel smooth muscle cells and positive effects on high-density lipoprotein cholesterol and triglyceride levels. In addition, several studies evaluated its pharmacological effects for the prevention of restenosis, suggesting favorable effects on reendothelialization mediated by hepatocyte growth factor 6 and endothelial precursor cells, 7 as well as on the inhibition of smooth muscle cell proliferation 8 and the inhibition of leukocyte adhesion to endothelium therefore exerting an anti-inflammatory effect 9 ( Fig. 1) . These effects may, at least in part, explain the clinical efficacy of cilostazol in preventing restenosis and in promoting the long-term outcome of revascularization interventions. In fact, the antiproliferative effects on smooth muscle cells, the antiinflammatory effects, and the endothelium protection can counter the complex events underlying restenosis and prevent reocclusion of the vessel. On the other hand, antiplatelet agents are well known to reduce fatal or nonfatal cardiovascular disease events in patients with coronary or peripheral artery disease.
Starting from the late 9190s, cilostazol has also been studied in a large number of randomized, controlled clinical trialsdmainly carried out in Asian countries or USAdfor the prevention of restenosis after coronary, carotid, and lower limb revascularization. Table I shows the results of the main meta-analysis on the use of cilostazol after percutaneous coronary or peripheral revascularization.
CLINICAL EFFICACY

Coronary Revascularization
Studies that proved the efficacy of cilostazol for preventing a restenosis and improving the clinical outcome after percutaneous revascularization enrolled the following patients: patients with stable or unstable angina or silent myocardial ischemia, 15 patients with acute coronary syndrome, 16 diabetic patients with angina pectoris, 17 patients with long lesions, 18 and patients who underwent elective balloon percutaneous transluminal coronary angioplasty. 19 A meta-analysis including more than 5,000 patients randomized to receive cilostazol plus single or dual antiplatelet treatment versus single or dual antiplatelet treatment alone, with a follow-up from 1 to 36 months, has shown the efficacy of cilostazol for preventing angiographic restenosis and improving the clinical outcome after a stent implantation with or without eluting drugs. These results suggest a significant reduction of restenosis incidence (À40%; P 0.001) and a decreased need for repeat revascularization (À31%; P 0.001). 10 Another meta-analysis was carried out to evaluate the clinical effects of a cilostazol treatment in more than 14,000 patients randomized to receive cilostazol plus a dual antiplatelet treatment versus dual antiplatelet treatment alone, after a stent implantation with or without eluting drugs, with a follow-up from 1 to 25 months. Results show that the cilostazol treatment has efficiently and significantly reduced the incidence of major cardiovascular events (À32%; P < 0.05), the need for repeat revascularization (À43%; P < 0.05), and the onset of stent thrombosis (À37%; P < 0.05). 11 Both studies have confirmed a satisfactory drug safety profile.
A recent randomized study has also evaluated the effect of a cilostazol treatment started 6 months after a coronary stent implantation, following the withdrawal of one of the dual standard antiplatelet treatments, versus patients continuously treated with a single antiplatelet treatment after the drug withdrawal. Results show that the cilostazol treatment has efficiently and significantly reduced the incidence of the study primary end points (death combined score for any cause, myocardial infarction, stroke, and revascularization intervention) up to 2-year follow-up (À39%, P ¼ 0.021) 20 ( Fig. 2) . Of note, the rate of major or minor bleeding was not significantly different between the aspirin plus cilostazol and aspirin-only groups.
Carotid Revascularization
A recent meta-analysis with a systemic review of clinical studiesdthat evaluated the effects of a cilostazol treatment after a carotid stent implantation for the treatment of asymptomatic or symptomatic stenosisdincluded 7 controlled trials (only 1 randomized trial) for a total of 1,297 patients. 12 Meta-analysis results showed a significantly lower in-stent restenosis rate in the patients treated with cilostazol after a mean 20-month follow-up: risk À85%, P < 0.001. Instead, the pooled incidence of infarction, stroke, and death at 1-and 20-month follow-up suggests a statistically not significant risk reduction of 28% and 24% for the cilostazol group, respectively. This meta-analysis did not show any safety-related drug problems, especially for the bleeding incidence. Notably, most trials were made of observational type studies in this setting; therefore, the acquisition of more robust evidence from randomized trials would be desirable in future.
Peripheral Revascularization
All studies that showed the efficacy of cilostazol for preventing restenosis and improving the clinical outcome after lower limb revascularization included patients with a peripheral arteriopathy (claudicatio intermittens of critical lower limb ischemia) 21e26 ; 3 studies have focused specifically on hemodialysis patients, including a total of 840 subjects.
27e29
A meta-analysis including 396 patients randomized to receive cilostazol plus antiplatelet treatment versus antiplatelet treatment alone, after a lower limb revascularization, with a follow-up from 12 to 24 months, has shown that cilostazol has efficiently and significantly reduced the restenosis incidence (À20%; P < 0.0001) and the need for repeat revascularization (À17%; P < 0.0001). 13 Another meta-analysis including more than 1,500 patientsdenrolled in 2 randomized studies and 4 prospective observational studiesdtreated with cilostazol plus antiplatelet treatment versus standard antiplatelet treatment alone, after a lower limb revascularization and with a follow-up from 18 to 37 months, has shown that cilostazol has efficiently and significantly reduced restenosis incidence (À29%; P < 0,001), decreased limb amputation (À58%; P < 0.001), and increased survival without any new revascularization procedures (+36%; P < 0.001).
14 Both studies have confirmed a satisfactory drug safety profile.
In addition, a recent retrospective study carried out in the United States including as much as 22,954 patients (of which 1,999 treated with cilostazol), who underwent an open or endovascular lower limb revascularization for intermittent claudication or critical limb ischemia, has confirmed a significant reduction of the amputation rate up to 1-year follow-up in patients treated with cilostazol versus controlled group (14.8% vs. 24.0%; P < 0.0001). This effect proved significant both for open and endovascular revascularization, and it was substantially more evident in patients treated with cilostazol before the intervention. 30 
Data from the Most Recent Randomized Clinical Trials
DRUG TOLERABILITY AND CONTRAINDICATIONS
Generally, cilostazol is a well-tolerated drug; the most commonly reported adverse events are headache and gastrointestinal disorders, both transitory and mild-moderate events. Although not validated by any adequate clinical studies, a starting scaled titration dose may improve the drug tolerability. Cilostazol should not be administered in case of severe renal impairment or moderate-severe hepatic impairment; pregnancy; bleeding risk (e.g., active peptic ulceration, recent hemorrhagic stroke, proliferative diabetic retinopathy, and poorly controlled hypertension); decompensated congestive heart failure; patients treated concomitantly with two or more additional antiplatelet or anticoagulant agents; severe arrhythmias; unstable angina pectoris, myocardial infarction within the last 6 months, or any coronary intervention in the last 6 months.
In particular, the last 3 contraindications were introduced in 2013 by the European Medicines Agency (EMA) following a referral procedure Fig. 2 . Design and study results from the study by Ueda et al. 20 Interestingly in this study, cilostazol was started 6 months after revascularization (after discontinuation of thienopyridine), and it was found still effective in improving the primary end point. Prescribers also need to be aware of the risk of interactions with cilostazol: its dose should be reduced in patients concurrently taking strong inhibitors of CYP3A4 (e.g., ketoconazole, itraconazole, and erythromycin) or CYP2C19 enzymes (e.g., omeprazole; Table III ).
THERAPEUTIC SCHEME
Cilostazol should be administered at a dose of 100 mg twice a day (the dose should be reduced to 50 mg twice a day in patients receiving medicines that strongly inhibit cytochromes). 36 In clinical trials, after a percutaneous coronary revascularization, the treatment was generally started the day after the intervention for a period of 12e24 months. Interestingly, the scheme of a recent study by Ueda et al. 20 provided a cilostazol treatment starting from 6 months after revascularization in patients who had withdrawn from one of the standard dual antiplatelet treatments administered (Fig. 2) . This scheme provides more drug safety (no infringement of contraindications) and also significant long-term clinical outcomes.
In clinical trials, after a peripheral revascularization, the treatment was generally started the day after the intervention for a period up to 3 years. In high bleeding risk patients, it could be useful starting the treatment after the withdrawal of one drug of the standard dual antiplatelet treatment administered (at least 1 month of dual antiplatelet treatment after an intravascular intervention according to the guidelines). 37 
CONCLUSIONS
Cilostazol efficiently prevents restenosis by promoting reendothelialization and by inhibiting smooth muscle cell proliferation and leukocyte adhesion to endothelium. Until now, cilostazol is the only pharmacotherapy that showed an adequate efficacy for preventing restenosis in randomized, controlled studies after coronary, carotid, or lower limb revascularization. These studies also show a significant reduction of repeat revascularization and cardiovascular events, with no increase of bleeding risk. Cilostazol should be administered at a dose of 100 mg twice a day, in a long-term regimen. To optimize the drug benefit/risk profile, it might be useful starting the treatment after the withdrawal of one of the standard postoperative dual antiplatelet treatment and waiting for 6 months after the coronary revascularization procedure.
